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Inc left cylinder port allows the hydraulic fluid to enter the fixed 
Center tube and apply pressure oa the closed end of the woving tube. The 
Cight cylinder port conducts fluid iato the aonular ares between Che moving 
tube of) the fised outer tube, and applies pressure on the annular area 
Plujected By the Tiamge. by proper selection of dcsign dimensions, it is 
cheat Eel the «ffectixve afea of the clased ead of the waving tube can be 
Rete cyeal Love ALEfesent From the effective area of the annular flange. 
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PART 1. SMALL SCALE SYSTEM TESTS 


Description of the Small Scale Test System 


Figure 2 is a photograph of the smal] acale test system with a 350 lb. 
load masse, sith reference to Figures 3 and 4 we will describe the hydraulic 
sYstem used in Che seal) acale svyatem tests. Two standard hydraulic cylin- 
ders with a bere of 2 1/2 inches and a atroke of 8 inches are connected 
vppyeing in a hwrizuntal position on a heavy bed plate. A supply of hydrau- 
Lhe Ekutd at 2000 pei ia fed to the servovalve under test. The return from 
the scryovabve tlowe through a calibrated check valve to maintain a return 


pteaaute of +) pad, 


Yor umcqual wcobinder afea Ceats, the cylinder ports are connected to 
the aefvovalvys go shown jo Figute § providing a ratio of about 3:1. One 
amtaelh wmd exvbiides port ie connected to an accumulator which can be charged 


to poovide a gtelouditg fetce on the cylinder connections. 


ot the coual crbinder area teata the large end cylinder ports are con- 
mee fed as shown if Figute &, preloading the cylinder gaechanical connections 
wide @ nothas comditione, Accumulatorea are connected to the small end ports 


fo arowide a fotce to unioad the aechanical connections when desired. 


Vewssuty (fansdwete ate Feovided on each of the servovalve outlet ports. 
\ fogve ttameducet fc fneetted Inte the pin coupling the two opposing cylinder 
tods, Vo iowar Vatiable Differential jranaforacr (LVDT) is attached to 
the eepvovalwe apool to meaaute dieplacement. An acoustic feedback trans~ 
hecet ba atbavhed to the cvlinder rod to measure cylinder displacement. An 
acceletometor ie meupted on the aechanical connection between the opposing 


vvlimder foude to teaevte total accelerations. 


The emeth eeale teet ewasten was tested in four combinations cf servo- 


valves and oviindet ateas. The following teats were run on each. 
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ave lure Frequency 
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Appendix B. Smail Scale System Tests 
Franklin Low Gain Valve with Unequal Cylinder Areas 


Appendix C. Saal) Scale System Tests 
Commercial High Gain Valve with Equal Cylinder Areas 


Appendix DB. Small Scale System Tests 
franklin low Zain Valve with Equal Cylinder Areas 


Analysis of tne Small Scale System Test Results 


Figures 3 and © are the results of previous Ceste an the omall scale 
eyetem without a significant load mass. This arrangement wae intended ta 
emphasise the accelerations due to uavanted forces developed in the hydérav- 
lic cylinder, 


flewtes 9 and 6 chow @ ditect competison of anall acale system per- 
formance af O,]0 be, ta thie cacee the wawanted acceletationn at lurasroumd 
ate OMe fot the high gela valve and 0.10, fot the low gain valve. The 
high saith eelve prodwee a weented acceletetion wre then three t lanes 
ateatet thar the low gelm walwe. 


Fhe newt estice of leete wete dows op the some onell scale system, tut 
with @ 3. |b, load meee whded. fhe ese wee suppotted on faut linear ball 
beatione tidiean om etomed awide toda. hie climineted any side loading on 
the «viintete aad minimized Frictiow. Whe acceletoneter for masuting the 
fe rele img weeletetiome wee mated om the load tees. This strangement 
effevtively arte Co ettemnste amemeted acceletations dee (6 sputioun fotcen 
dvveloped je the cvlimdet, 


Figures 5 gad & compete the bebaviot of the two competitive serve+ 
vabvee fm the jlvaded onli exale «vetem at a freqvemy of 9.10 hr, Note 
that the bow anit ealoe srowides teewlts imdicating # iowet level of ture 
atormnd Aung (2.0:¢ ee. FO%e). Competiogn ef Figures 7 and & with Figures 
i avd & chew the effect ef the addition of the losd mace. The accelerations 
ace atterneted by a Feetet ef tere thaw 10. 


Fierte< 9 aud 19 chee the petiorammce of the tee servevalves st a very 
teow conetant webocity (9.19 fie/eer), when am wewented acceletstion would be 
weet cociceatle te 2 twat ewhject. ie thic csce the low gain valve keeps 


ae 


the unmanted accelerations to less thas 0,005¢ (Figure 10) as campeted with 
nearly 0.05¢ with the higt gals valve. 


Figures 1) aaa 12 age the reanits of competitive tests at a fraguency 
ef 0.50 hu. Agala the comparison shows (hal the peak acceleraetianea at 
turnaround are apprasimatecly ball an gfsat when wolmg the low gala acpva- 
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Figures 2) and 14 Udest sate the effect of walaeded cyllaset couplings. 
Sote that peak accelerations of acarly 0. Mig are gemeteted twasrdions of 
the chatactetielice of the setwworeleve. 
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of the zeeviouwe teete sw thet the edditionsl leed aesn an the ovate acts 
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—— -_- ee - 


Peat th. Fan Mad Oeste Tests 
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the <Secnht octomattc of the Fall scale teat @1g te sham 3m Figure 19. 
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POTK EAL © HHO 1, Form fo Re eewte wmted mcete¢at ions ef the pitot’a 
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The Ling actester has a valve aanifeld located adjacent to the clevis-~ 
rout port, conmmerted thtough a lewgt’ of hatd piping to the rod end port. 
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Aftet fabticatian sad acsenbley af the fall scale test syates, 6 nuttbet 
OF teat« wete petfarned te feclete the teaomaent clements, then atiffen the 
ettwwtate sad denper the bvdremechenical dynamic response. The system could 
then Be propertly etabilited, bat thete temeias a lightly damped mechanical : 
teamnence if the eupprtt sttectwte at 20 Re that amplifies the eccelerat ions 
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Finures 18 and 19 show the equate weve response of both competitive 
ae sveteme. This prowes that the systee winor lowp and gajot loop gains ste 
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Figeree 20 and 3) chow the feepenss of both compet ii lee system ja 
elaneeidal aut tam of 0.03 beste. Tele te wy Far the mel celtical case 
Dec mune the pile! te Gwel comitive to wmated excelefet lane dwn the 
wanted accoletel tom ate teat Ble Unewetald of percept ion, 
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Finativ we show Vigetes 26 and 2? tecotding the tesponse of both con 
petitive evetemm at standetil!l (eeto steady commend signal). They iadicate 
the cutetanding ability of both setrvevnlves to tespryad ond correct fot ren- 
tem dietathaw ee, 


Figutes 18 thtomgh 2? ete samples of the complete set of tests required 
te compete the telative petformence of the commetcial high gsia servoveive 
design with the FRC low gaia servovalve design. The complete set is con- 
tained in the Appendices, identified as follows: 

Appendix €. Pull Scele System feets 
Commercial High Gela Valve 


Appendix ?. Pull Scale System tests 
Fraghlia Low Gaia Valve 
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Figure 16. Photograph of Full Scale Test System 
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